Abstract CKD and CKD-related mineral and bone disorders (CKD-MBDs) are associated with high cardiovascular and mortality risks. In randomized clinical trials (RCTs), no single drug intervention has been shown to reduce the high mortality risk in dialysis patients, but several robust secondary analyses point toward important potential beneficial effects of controlling CKD-MBD-related factors and secondary hyperparathyroidism. The advent of cinacalcet, which has a unique mode of action at the calcium-sensing receptor, represented an important step forward in controlling CKD-MBD. In addition, new RCTs have conclusively shown that cinacalcet improves achievement of target levels for all of the metabolic abnormalities associated with CKD-MBD and may also attenuate the progression of vascular and valvular calcifications in dialysis patients. However, a final conclusion on the effect of cinacalcet on hard outcomes remains elusive. Tolerance of cinacalcet is limited by frequent secondary side effects such as nausea, vomiting, hypocalcemia and oversuppression of parathyroid hormone, which may cause some management difficulties, especially for those lacking experience with the drug. Against this background, this review aims to summarize the results of studies on cinacalcet, up to and including the publication of the recent ADVANCE and EVOLVE RCTs, as well as recent post hoc analyses, and to offer practical guidance on how to improve the clinical management of the most frequent adverse events associated with cinacalcet, based on both currently available information and personal experience. In addition, attention is drawn to less common secondary effects of cinacalcet treatment and advisable precautions.
Introduction
CKD is currently accepted as an independent cardiovascular (CV) and mortality risk factor (1) . Multiple CKD-related derangements may account for the extremely high mortality observed in these patients (1) and, among these disturbances, CKD-related mineral and bone disorders (CKD-MBDs) seem to play an important role (1) (2) (3) . Classic biochemical alterations of calcium (Ca), phosphate (P), Ca 3 P product, parathyroid hormone (PTH), and other bone-related biomarkers have been increasingly associated, although not uniformly, with prediction of bone disease and also with CV events and survival (2) (3) (4) (5) . On the other hand, it has been suggested that patients with CKD stages 3-5D, with known vascular or valvular calcifications, should be considered at the highest CV risk; therefore, it seems reasonable to use this information to guide the management of CKD-MBD (3, (6) (7) (8) . Nevertheless, the evidence from randomized clinical trials (RCTs) in dialysis patients is limited and contradictory results have been obtained on whether treatment of laboratory abnormalities or attenuation of the progression of calcifications actually affects mortality (3, (9) (10) (11) (12) (13) (14) .
Drug interventions in RCTs aiming to correct anemia or dyslipidemia have not been proven to increase survival in this population, and controversial or only nominally significant secondary end points have been described with P binders such as sevelamer or lanthanum (9, 15) . A recent meta-analysis promoted debate on this issue, overriding the negative results of previous meta-analyses (15, 16) . Significant and robust but questionable associations with improved survival have been described with both vitamin D derivatives and calcimimetics in retrospective cohort studies in dialysis patients (17) (18) (19) (20) (21) .
Against this background, this review aims to summarize the results of studies on cinacalcet in the context of the complex CKD-MBD up until the publication of the recent ADVANCE (A Randomized Study to Evaluate the Effects of Cinacalcet Plus LowDose Vitamin D on Vascular Calcification in Subjects with CKD Receiving Haemodialysis) and EVOLVE (Evaluation of Cinacalcet Therapy to Lower CV Events) trials and to offer practical guidance on potential ways to improve the clinical management of most frequent secondary effects associated with cinacalcet, based on both the currently available information as well as our own personal experience.
CKD-MBDs
Although there may be debate over whether CKD-MBD is really a syndrome (22) , CKD-MBD has been defined as a trinity of laboratory and bone abnormalities and vascular (or other soft tissue) calcification, all of which are linked to hard outcomes such as fractures, CV morbidity, and mortality (3, 23) . This concept has been accepted by various national and international societies striving to improve outcomes (3, 6, 7) .
Laboratory Abnormalities
In CKD, the failing kidneys disrupt the complex pathophysiologic regulation of Ca, P, vitamin D metabolism, fibroblast growth factor 23 (FGF23), and other as-yet-unidentified molecules, leading to secondary hyperparathyroidism (SHPT) (24) . From the early CKD stages, FGF23 production is increased in response to several stimuli, including P retention and klotho reduction. The hyperphosphaturic effects of PTH and FGF23 are compromised by reduced PTH receptor and klotho expression, at least partially explaining the presence of resistance to PTH and FGF23 in CKD (24) . Chronic overstimulation of PTH causes a progressive polyclonal parathyroid gland hyperplasia, which may later transform into a benign, tumor-like monoclonal growth (24) .
Bone Abnormalities
The excessive production of PTH increases bone resorption and leads to classic osteitis fibrosa (25) . However, in other situations, the initial increase in PTH and bone remodeling may be excessively slowed by a multitude of factors leading to low bone turnover or adynamic bone disease (ABD) (5) . Both high and low bone turnover bone diseases are associated with a high risk of skeletal fractures and poor clinical outcomes (3, 25) .
Vascular Calcification
The increase in circulating Ca 3 P product, as well as the active transformation of vascular smooth muscle cells into osteoblast-like cells, favors the development of CV calcification, arterial stiffness, and CV diseases (3, 8, 22) . Thus, the old well known relationship between kidney disease and bone ("renal osteodystrophy") is now extended to a new bone-vascular axis (23, 26) , and bone has even been recently considered as a new endocrine organ at the heart of CKD-MBD (27) .
Cinacalcet as a Treatment for SHPT
Traditional therapies for SHPT have entailed correction of hypocalcemia and excessive synthesis and secretion of PTH by administration of Ca salts and vitamin D derivatives, as well as prevention of hyperphosphatemia by means of Ca-or aluminum-containing P binders or, only recently, nonmetal-containing P binders (24) . However, these therapies are limited by the occurrence of hyperphosphatemia and hypercalcemia, by a lack of specificity, and by limited long-term efficacy. On the other hand, surgical parathyroidectomy is not exempt from important, sometimes neglected, risks, as recently reported (5, 28) . Fortunately, with the advent of calcimimetics, enormous progress has been made in extending the armamentarium against SHPT, although we acknowledge that there is insufficient high-grade evidence on whether any treatment or a combination thereof should be preferred to control SHPT in dialysis patients (29, 30) .
Calcimimetic and Cinacalcet Generalities
Cloning of the calcium-sensing receptor (CaR) led to the discovery of several compounds capable of modulating its function in different organ tissues (31, 32) . Type I calcimimetics mimic the effects of extracellular calcium ( e Ca 2+ ) and type II calcimimetics act as allosteric activators of the CaR, changing its structural conformation and stereoselectively increasing sensitivity to e Ca 2+ . Cinacalcet hydrochloride (AMG-073) belongs to the second generation and is the only approved calcimimetic. By increasing the sensitivity of the CaR to e Ca 2+ , cinacalcet shifts the Ca-PTH concentration-response curves to the left and reduces the "set point" for Ca-regulated PTH secretion (31) (32) (33) . Cinacalcet decreases the secretion of PTH in a dose-dependent manner and diminishes serum Ca concentration by mechanisms that are discussed below. Consequently, cinacalcet is currently indicated for the treatment of SHPT in dialysis patients and is shown to reduce hypercalcemia in patients with parathyroid carcinoma and in selected cases of primary hyperparathyroidism (34, 35) . AMG-416 is currently in development and represents a novel, third-generation intravenous long-acting selective peptide agonist of the CaR (36, 37) .
Cinacalcet Use in Patients with CKD Who Are Not on Dialysis
Cinacalcet is not indicated in patients with CKD who are not on dialysis. Investigational studies have shown that cinacalcet increases the risk for hypocalcemia, which may be attributable in part to lower baseline Ca levels, the presence of residual renal function, and the use of an inappropriate high dose of cinacalcet for often mild SHPT (34, 35, 38, 39) . In these patients, increased levels of P associated with decreased P urinary excretion have also been described (38, 39) . Preliminary studies have shown that cinacalcet has been successfully used to control hypercalcemia in patients with CKD and autonomous hyperparathyroidism (40, 41) .
In renal transplant patients, several reports and a recent RCT showed that cinacalcet effectively corrected the hypercalcemia and hypophosphatemia associated with persistent hyperparathyroidism (42, 43) , although no beneficial effect was observed in the percent change in bone mineral density (43) .
Cinacalcet Use in Patients with CKD Treated by Dialysis
Phase 1 and phase 2 studies in dialysis patients with SHPT demonstrated the efficacy of cinacalcet in reducing circulating levels of laboratory abnormalities such as PTH, Ca, P, and the Ca 3 P product. The combined results of RCTs and phase 4 studies confirmed these results (11, 13, 21, (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) ) (Table1), among other benefits, including a substantial reduction of the elevated bone formation rate/tissue area, generally improving bone disease (57, 58) . Importantly, two recent prospective RCTs evaluated both the efficacy of cinacalcet in preventing the progression of CV calcifications (ADVANCE) (11) , and its effect on clinical outcomes, including all-cause mortality and CV events (EVOLVE) (13) .
First, the ADVANCE trial suggested that cinacalcet plus low doses of vitamin D may attenuate the progression of (11) . Although significant changes in the volume of coronary artery calcifications were described, the predefined primary end point of the study (Agatston score or surface of coronary artery calcification) did not strictly reach statistical significance (Table  1) . In a recent post hoc analysis, treatment with cinacalcet was found to have statistically significant beneficial effects among participants who adhered to the prespecified protocol (12) . Second, the EVOLVE RCT did not reach its clinical primary composite end point after an unadjusted intentionto-treat (ITT)-based analysis (Table1) (13) . These results were supported by a recent meta-analysis, mainly driven by this negative EVOLVE primary result, which included other heterogeneous studies with different designs (59) . Thus, a recent European Renal Association-European Dialysis and Transplant Association position statement did not recommend the routine use of calcimimetic therapy to improve survival in patients with CKD stage 5D and biochemical evidence of SHPT (30) . Nonetheless, we believe that it is important to emphasize that prespecified secondary ITT analysis adjusting for baseline covariates revealed a nominally significant improvement in the cinacalcet group (Table 1) (13) . The effect of cinacalcet was more pronounced among older patients (13) and was significant in post hoc analysis (hazard ratio [HR], 0.70; 95% confidence interval [95% CI], 0.60 to 0.81; P=0.01) (60). This finding is probably attributable to differences in underlying CV risk leading to a higher frequency of events in patients aged $65 years, an effect that has also been shown in other RCTs with other CKD-MBD-related drugs (9, 15) , or differential application of cointerventions that reduce PTH (60) . Lag-censoring and other sensitivity analyses, including an inverse probability of censoring weighted analysis, were performed in the EVOLVE study to account for biases that may have been introduced due to drop-outs (individuals who discontinued the study drug before an end point or the end of the study but were statistically analyzed as having received cinacalcet throughout). These prespecified companion analyses suggested a nominal beneficial effect of cinacalcet on the primary composite end point (13) , but their interpretation is too controversial beyond allowing generation of new hypotheses (30) . Accepting the limitations of post hoc analysis, patients randomized to cinacalcet experienced fewer nonatherosclerotic CV events (including sudden death and heart failure) (HR, 0.84; 95% CI, 0.74 to 0.96; P=0.01) (61). Finally, nominally significant decreases in incidence of the need for parathyroidectomy, episodes of calciphylaxis, and clinically reported fractures were also observed in the cinacalcet-treated group in the EVOLVE study, among other positive secondary and post hoc analyses (13, 62) .
Several important factors could have seriously hindered the interpretation of the primary end point of the EVOLVE study (63, 64) , especially the excessive rate of drop-ins (19.8% of patients [annual rate 7.4%] randomized to standard of care plus placebo finally received commercially available cinacalcet but were analyzed as having received placebo throughout the study according to the ITT principle) and drop-outs (62% of patients [annual rate 27.3%]). These problems render the EVOLVE study an inconclusive trial (re-estimated statistical power of only 54%); thus, cinacalcet has not formally been proven to improve allcause or CV mortality in dialysis patients (30) , but neither has a positive effect been formally ruled out. Previous meta-analyses have confirmed that calcimimetic treatment effectively improves significant biochemical parameters of SHPT and enables more patients to achieve common targets (65, 66) . Other studies and metaanalyses have confirmed that cinacalcet has a significant beneficial effect in preventing parathyroidectomy and hypercalcemia (13, 49, 59, (65) (66) (67) (68) (69) , but these studies also found that cinacalcet increases nausea, vomiting, and hypocalcemia, with relative risks of 2.02 (95% CI, 1.45 to 2.81), 1.97 (95% CI, 1.73 to 2.24), and 6.98 (95% CI, 5.10 to 9.53), respectively (59) . Therefore, these are the problems that nephrologists encounter more frequently with the clinical use of cinacalcet, together with PTH oversuppression (5) .
For all of the reasons mentioned above, cinacalcet may not be warranted in all dialysis patients and it cannot be recommended to improve survival (30) , but it remains an important and potent prescription for controlling moderate to severe SHPT according to guidelines (3, 6, 7) . Cinacalcet unquestionably improves the achievement of target levels for all metabolic abnormalities associated with CKD-MBD (Table 1) . Thus, some national and international guidelines, including the Kidney Disease Outcomes Quality Initiative (KDOQI) US commentary on the 2009 Kidney Disease Improving Global Outcomes (KDIGO) guideline, suggest that the primary choice of an antiparathyroid treatment may be based on basal levels of Ca and P (3, 6, 7, 70) . Consequently, in patients with SHPT and nonpharmacological hypercalcemia (tertiary hyperparathyroidism) or in those prone to hypercalcemia, calcimimetics are currently often used as first-line treatment. Calcimimetics may also allow safer concomitant use of active forms of vitamin D (68), also covering their attributed pleiotropic effects. Similar reasoning may be followed in patients with SHPT and hyperphosphatemia, as discussed below (71) .
Although a final conclusion on the effect of cinacalcet on hard relevant outcomes remains elusive (30, 71) , the use of cinacalcet may be fully justified at least as a component of a multitargeted intervention in dialysis patients with SHPT, including P binders and vitamin D (71) . Furthermore, in experimental conditions, the possibility of a crossed positive, bidirectional and additive interaction between calcimimetics and vitamin D derivatives has been described (72, 73) . Such an interaction is probably mediated by the heterologous upregulation of the parathyroid vitamin D and Ca receptors (72, 73) . An ITT analysis is mandatory to establish the universal applicability of results observed in the studied population; however, from the perspective of the individual patient, it may be much more important to know whether cinacalcet can be taken without side effects and whether the benefits that it offers in terms of increased survival and other important clinical outcomes justify the associated risks (64) . Therefore, practical guidance regarding potential improvements in management of the most frequent secondary effects is definitely needed. 
Practical Management of Side Effects of Cinacalcet Nausea and Vomiting
Gastrointestinal adverse events (mostly nausea and vomiting but also diarrhea, among others) are the secondary effects most frequently associated with cinacalcet. The vast majority of episodes of nausea and vomiting are mild to moderate in severity and transient in nature (34, 35, 46, 47, 74) . Although such episodes are not usually a cause of treatment withdrawal and a dose reduction often proves sufficient, it is also the case that discontinuation of therapy as a result of undesirable effects is mainly attributable to nausea (1% placebo; 5% cinacalcet) and vomiting (,1% placebo; 4% cinacalcet). These gastrointestinal adverse events add to the common digestive secondary effects of other agents given for the control of CKD-MBD, such as P binders (3, 9) . In the Summary of Product Characteristics (SmPC) (34), the reported incidence of nausea is 31% in cinacalcet-treated patients versus 19% in placebo-treated patients, and the comparable rates for vomiting are 27% versus 15%, respectively (34) .
The mechanisms by which cinacalcet induces nausea and vomiting are still not well identified. It has been suggested that cinacalcet may stimulate the CaR present in the hypothalamus and other brain regions controlling vomiting (75) . It also seems that nausea and vomiting may be a consequence of a direct effect of cinacalcet on the gastrointestinal CaR; however, gastrointestinal and pancreatic enzymes do not appear to be uniformly modified by cinacalcet (76, 77) .
It cannot be forgotten that the availability of cinacalcet increases by approximately 50%-80% with food; consequently, it is recommended that cinacalcet be administered with food or shortly after a meal (34, 35, 74) . With a view to reducing nausea and vomiting (74) , in the study to investigate cinacalcet treatment in hemodialysis patients with secondary hyperparathyroidism (SENSOR) study, we investigated the effect of administration of cinacalcet with the first main meal after dialysis and found that this improved its efficacy and tolerance. In our study, the rate of treatment discontinuation due to nausea and vomiting was low (2.5% of patients overall), and only a 1% withdrawal rate was reported in the postdialysis meal group. For unclear reasons, the incidence of gastrointestinal adverse events in the SENSOR study also appeared to be lower when cinacalcet was administered in the evening; this was possibly related to distinct geographic dietary habits, chronobiology, or a potential timing effect rather than a food effect (74) .
Although nausea and vomiting may appear after an initial 30-mg single dose, there is a clear dose dependence in the frequency of these symptoms. The mean dose in the SENSOR study was 67 mg/d in the postdialysis meal group, which is lower than the doses in phase 3 trials although patients had more severe disease (mean PTH 8406766 pg/ml). In the EVOLVE study, the median daily dose was 55 mg for a median PTH of 695 pg/ml for the same targets. It is necessary to remember that 180 mg/d is the maximum dose recommended in the SmPC (34, 35) . Taken together, these findings suggest that an earlier intervention with cinacalcet may allow lower doses and decrease the potential for secondary effects.
If only mild/moderate nausea and vomiting are present, cinacalcet should not be immediately withdrawn because symptoms may diminish with time. Obviously, when symptoms appear after increasing previous doses, a similar approach can be utilized and, if symptoms do not abate, reduction to the previous tolerated dose is often sufficient. Rapid escalations of cinacalcet doses should also be avoided, and intermediate doses (e.g., 15 mg/d, 30-60 mg/ 60-90 mg every other day) have also been successfully used for clinical control in both primary hyperparathyroidism and SHPT (33, 40) , although this practice is not specified in the SmPC (34, 35) . It is often forgotten that in primary hyperparathyroidism, cinacalcet is indicated twice a day (34, 35, 41) .
Antiemetic drugs, mainly metoclopramide, have long been used but many antiemetic gastroprokinetic drugs, including domperidone, cisapride, or ondansetron can affect the electrocardiographic QT interval (http://www. QTdrugs.org or http://www.sads.org.uk/drugs_to_ avoid.htm). In November 2014, metoclopramide was added to the combined list of drugs that can affect the QT interval. Although cinacalcet is not on this list, hypocalcemia can prolong the QT interval (see below).
A summary of the measures that may be taken to control nausea and vomiting is presented in Table 2 .
Hypocalcemia
As a consequence of its unique mode of action, cinacalcet may cause hypocalcemia instead of the hypercalcemia associated with vitamin D derivatives (3, 17, 24, 29, 68) . The decreases in serum Ca levels mainly occur during the first 2 weeks of treatment and are significantly greater among patients with relatively higher baseline or pretreatment PTH values. By contrast, demographic factors do not materially influence the Ca-lowering effect of cinacalcet. The use of concurrent therapies such as Ca-containing medications, vitamin D sterols, and dialysate Ca content may modify the effect of cinacalcet in decreasing serum Ca levels (78) .
The mechanism responsible for these reductions in serum Ca levels is not fully understood, but alterations in the exchange of Ca between the extracellular fluid and a miscible pool of Ca in bone are probably responsible (31, 79) , especially in the absence of substantial residual kidney function. Ca levels will thus be affected significantly when plasma PTH levels are lowered abruptly by enhanced activation of the CaR and the secondary decrease of bone turnover by cinacalcet (58) . Two other potential mechanisms may favor calcimimetic-induced hypocalcemia: (1) stimulation of the CaR in the thyroid C cells and the secretion of calcitonin and (2) inhibition of the intestinal Ca transporter protein TRPV6 (80, 81) . Consequently, when using cinacalcet, it is recommended to pay attention to the rare appearance of symptomatic hypocalcemia (including paresthesias, numbness, tingling, myalgias, or cramping) and to monitor serum Ca levels frequently, especially soon after the initiation of treatment and whenever a dose increase is prescribed. According to the SmPC, serum Ca levels should be monitored within 1 week after initiation or dose adjustment of cinacalcet (34, 35) . Once the maintenance dose has been established, serum Ca is usually measured monthly. Initiation of cinacalcet is contraindicated when the corrected serum Ca is below the lower limit of the normal range (usually 8.4 mg/dl). However, during the maintenance phase, lower levels do not necessarily imply a need for modification of the cinacalcet dose. In fact, hypocalcemia, defined as a corrected Ca ,8.4 mg/dl at two consecutive determinations, has been reported in up to 45% of patients, but it was almost always asymptomatic and caused treatment withdrawal in ,1% of patients (51, 74) . In patients with CKD who were receiving dialysis and were administered cinacalcet, 4% of serum Ca values were undesirably lower than 7.5 mg/dl (34) . Approximately 30% of patients have at least one serum Ca value ,7.5 mg/dl (35) . In patients with CKD receiving dialysis who were administered cinacalcet, 29% of those in the 6-month registration trials and 21% and 33% of those (within the first 6 months and overall, respectively) in the EVOLVE clinical trial had at least one serum Ca value ,7.5 mg/dl (13) . A continuous risk analysis showed a 10% increase in HR for mortality for a noncorrected serum Ca as low as ,6.37 mg/dl but also for serum Ca .9.66 mg/dl (82) .
Manifestations of severe hypocalcemia may include muscle spasms, tetany, and seizures. These life-threatening events and fatal outcomes have been reported in adult and pediatric patients treated with cinacalcet, and this information is currently included in the new package insert (35). Cinacalcet is not indicated for use in children and adolescents, because of a lack of data on safety and efficacy. A fatal outcome was reported in a pediatric clinical trial patient with severe hypocalcemia, and caution is advised in patients with other risk factors for QT prolongation (see below) (35) . Other uncommon drug interactions (mostly with infrequently used drugs) should also be taken into account when using cinacalcet (Table 3) .
It should be noted that although symptomatic hypocalcemia is extremely rare, caution is recommended to avoid severe hypocalcemia (i.e., ,7.5 mg/dl); in those at risk, the administration of cinacalcet should therefore be withheld until serum Ca levels reach 8 mg/dl. Despite their inclusion in the SmPC (Table 4 ) (35), we do not recommend the use of "prophylactic" Ca-based P binders or an increment in the Ca content in the dialysate because these options are untested and in fact may be harmful, given that undesirable Ca deposition cannot be excluded.
PTH Oversuppression
It is important to consider that in order to properly evaluate PTH levels, PTH should be measured at least 12 hours after dosing with cinacalcet because a rapid nadir for PTH concentration occurs approximately 3 hours after dosing (34, 35, 83) . PTH should be measured 1-4 weeks after initiation or dose adjustment of cinacalcet and every 1-3 months during maintenance (34, 35) . Treatment with cinacalcet apparently does not alter the relationship between intact and bioactive PTH (34, 35) , although this issue may need to be revisited in light of the recent description of a lower ratio of whole/intact PTH in cinacalcet users versus nonusers with comparable levels of serum Ca (84) .
Studies have found that approximately 19% of patients may show levels of intact PTH below the classic 150 pg/ml target (53, 85) , and cases of ABD have been confirmed after cinacalcet treatment and chronic low PTH levels (57, 58) . Low as well as high PTH levels have been associated with decreased survival in dialysis patients; consequently, both "extremes of risk" should be avoided. Thus, current KDIGO guidelines recommend maintaining intact PTH levels at 2-9 times the upper limit of normality for a particular PTH assay, although any tendency within these limits should also be taken into account (3) . It must be emphasized that a significant proportion of patients with such intermediate PTH levels present quite different rates of bone remodeling, ranging from adynamic to normal to high turnover bone disease (25) . Therefore, the clinical use of PTH (PTH monitoring and goals) is controversial (86, 87) . Nevertheless, because maintenance of appropriate PTH levels remains one of the main goals in contemporary nephrology practice, it probably should be monitored not only on a regular basis but also more frequently, at least until more specific new biomarkers and/or drugs with different targets demonstrate clinical superiority over current standard nephrology protocols (4, 30) .
It is also important to emphasize that classic US KDOQI limits between 150 and 300 pg/ml have been associated (88, 89) . Therefore, some authors and guidelines continue to recommend these "old" targets, or even lower ones (90) , although a correction of PTH values for the kit utilized is currently advised in order to take into account the great variability in PTH assays (i.e., approximately 2-5 times the upper limit of normality for a particular PTH assay) (6, 7, (91) (92) (93) . Consequently, the KDIGO target range for serum PTH in dialysis patients may be considered too broad, and a narrower range is still preferred by some (6, 7, 92, 93) . Recent changes in therapeutic approaches leading to increasing PTH levels have been documented in a recent analysis of the Dialysis Outcomes and Practice Patterns Study (DOPPS), where it was also shown that compared with PTH of 150-300 pg/ml, in adjusted models, all-cause mortality risk was higher for PTH of 301-450 pg/ml (HR, 1.09; 95% CI, 1.01 to 1.18) and .600 pg/ml (HR, 1.23; CI, 1.12 to 1.34) (94) . In any case, general agreement seems to exist that oversuppression of PTH levels to below 2 times the upper limit of normality should be avoided, owing to the fear of inducing ABD and its potential detrimental consequences (5) . Very low PTH (,50 pg/ml) was also associated with mortality in the recent DOPPS publication (94) . When PTH decreases below target levels, it is generally suggested that Ca-based P binders should be avoided and the doses of vitamin D and/or calcimimetics should be reduced (3, (5) (6) (7) . Treatment-induced low PTH is reversible and does not seem to represent an acute problem. The dose of Ca-based P binders can be decreased or substituted with non-Ca-based P binders in other to maintain control of serum P levels (5). The preferential adjustment of vitamin D doses should be considered when low PTH levels are associated with hypercalcemia and/or increased serum P. Some authors also prefer this approach if there is evidence of vascular/valvular calcification, in accordance with the results of the ADVANCE study (8, 11) . In fact, in the presence of low PTH levels or if active forms of vitamin D are withdrawn for any reason, supplementation with native vitamin D to correct vitamin D deficiency may be considered (5-7,17) .
On the other hand, we consider reducing cinacalcet only if both Ca and PTH levels are low (see the section on hypocalcemia), and we do not abruptly discontinue cinacalcet unless symptomatic or significant hypocalcemia develops. Once PTH increases above the desired target, restarting cinacalcet at the next lowest dose is the usual approach, taking into account the other components of CKD-MBD (3).
Finally, it is also important to emphasize that cinacalcet therapy should not be discontinued when PTH target levels are reached (in the fear that a continuously decreasing PTH could lead to low PTH) because PTH levels will rebound after treatment withdrawal. There are obvious parallels with other conditions such as dyslipidemia, hypertension, and anemia, in which there would be no question that abrupt cessation of treatment when targets have been reached would be inappropriate. However, some fine adjustment may ultimately be required, and it has been suggested that cinacalcet doses may be decreased after long-term treatment in some circumstances perhaps due to regression of the parathyroid hyperplasia and/or apoptosis induction (95, 96) .
QT Prolongation
Cinacalcet is not on the combined list of all drugs that can affect the electrocardiographic QT interval or the list of drugs to be avoided by patients with congenital long QT syndrome. Decreases in serum Ca concentration can prolong the QT interval, potentially resulting in ventricular arrhythmia, several cases of which have been reported in patients treated with cinacalcet during the postmarketing period (35) ; this information has been included in the most recent SmPC, although frequencies cannot be estimated from available data (34) . Thus, although a QT evaluation is not mandatory, QT evaluation is advised in high-risk patients (e.g., those with a familial history, bradycardia, recent cardiac ablation, hypokalemia, hypomagnesemia, etc.).
Other Undesirable Side Effects
Cinacalcet has also been associated with decreasing levels of P in dialysis patients, although this is not a uniform finding and is probably linked to the severity of SHPT (55,56,77,97) . In a recent study, the P-lowering potential of cinacalcet was secondarily evaluated using data from a pan-European study (55, 97) . PTH was a key predictor of serum P reduction and regression analysis confirmed a significant 3% overall decrease in serum P for every 10% reduction in PTH. The authors concluded that serum P reduction appeared to result mainly from PTH reduction, rather than from changes in vitamin D or P binders (97) . This subgroup probably represents those patients with the highest bone-derived P load. Decreasing levels of FGF23 have also been described with cinacalcet and AMG-416 (36, 98) . This possible mechanism for a beneficial effect of cinacalcet on vascular calcification and CV outcomes awaits further investigation, as well as other off-target effects of cinacalcet that cannot be just neglected (74) .
Other common undesirable reported effects of cinacalcet include asthenia, anorexia, dizziness, headache, dyspepsia, constipation, diarrhea, abdominal pain, upper respiratory infection, dyspnea, cough, and hyperkalemia. Although most of these effects could not be directly attributable to cinacalcet treatment, the contribution of cinacalcet could not be excluded based on best-evidence assessment of causality (35) .
Seizures (convulsions) were found to occur in 1.4% of cinacalcet-treated patients versus 0.7% of placebo-treated patients (35) . Although the basis for the reported difference in seizure rate is not clear, it is known that the threshold for seizures is lowered by significant reductions in serum Ca. In the EVOLVE study a nonsignificant trend toward an increase in the crude incidence of seizures was observed in the cinacalcet-treated group (2.5% versus 1.6%) (13) . In any case, cinacalcet must be used with caution in patients with seizures, and hypocalcemia should be avoided in these cases. Other nervous system disorders such as tingling, numbness, and paresthesias, which are frequent in dialysis patients, were observed to be significantly higher in the cinacalcettreated group in the EVOLVE study (36.7% versus 30.5%; P,0.01) (13) .
Testosterone levels are often below the normal range in patients with ESRD. In a clinical study, free testosterone levels decreased in cinacalcet-treated patients (34, 35) , but the clinical significance is unknown.
Clinical trial data showed that hypotension occurred in 7% of cinacalcet-treated patients versus 12% of placebotreated patients, and heart failure occurred in 2% of patients receiving cinacalcet or placebo (35) . In postmarketing safety surveillance, isolated, idiosyncratic cases of hypotension and/or worsening heart failure have been reported in patients with impaired cardiac function, but a causal relationship with cinacalcet could not be established. On the other hand, the HR of heart failure in the EVOLVE study was nominally significantly lower in the cinacalcet-treated group (0.72; 95% CI, 0.58 to 0.89; P=0.003) (13) .
In the postmarketing experience, allergic reactions including rash, urticaria, angioedema, and leukocytoclastic vasculitis have been described (34, 35) . Cinacalcet should be used with caution in patients with moderate to severe hepatic impairment, because of the potential for 2-to 4-fold higher plasma levels of cinacalcet. No change in starting dose is necessary. Finally, patients with rare hereditary problems of galactose intolerance, Lapp lactase deficiency, or glucose-galactose malabsorption should not take cinacalcet, in accordance with the SmPC (35).
In summary, CKD-MBD is associated with a high risk of mortality. No single drug intervention has been shown to decrease this risk and improve survival in dialysis patients in any RCT, but several robust secondary analyses point toward potential important beneficial effects of controlling SHPT with cinacalcet in addition to standard therapy, whenever it is tolerated. An improvement in the management of common cinacalcet-related secondary effects such as nausea and vomiting, hypocalcemia, and PTH oversuppression is absolutely plausible, while new drugs and studies on hard outcomes become available.
